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Abstract	
	
Ternate	 is	 a	 volcanic	 island	 amongst	 North	 Moluccas	 Island,	 which	 belongs	 to	 North	Maluku	Province.	It	is	a	volcanic	ecosystem	island	centered	on	Gamalama	Volcano.		The	
island	and	its	inhabitants	are	prone	to	volcanic	eruption;	hence	vulnerability	studies	are	essential	 for	 this	 area.	 This	 study	 applied	 vulnerability	 assessment	 using	 Indonesian	Disaster	 Management	 Board	 standard	 regulation	 known	 as	 Regulation	 of	 (Peraturan	
Kepala)	BNPB	No.	2/2012	about	risk	assessment.	There	are	four	vulnerabilities	assessed	
namely	 economic,	 social,	 physical/infrastructure,	 and	 environment	 vulnerability.	Weighting	 method	 is	 implemented	 on	 each	 vulnerability	 score,	 where	 social	
vulnerability	 considered	 as	 the	 highest	weighting	 factor.	 Environment	 vulnerability	 is	the	lowest	weighting	factor	in	consideration	that	environment	suffered	less	compare	to	other	element	at	risk.	Based	on	the	calculation,	the	highest	vulnerability	is	in	the	urban	
area	while	 the	 rural	 area	 less	vulnerable.	As	volcanic	ecosystem	based	 island,	Ternate	
inhabitants	depend	on	 their	ecosystem	services	 to	 support	 their	 livelihood.	Therefore,	this	 study	 argued	 and	 proposed	 to	 apply	 ecosystem	 based	 disaster	 risk	management	
upon	Ternate	as	volcanic	island	to	minimize	its	vulnerability.	
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1. Ternate	island	and	its	volcano	
Ternate	island	is	located	administratively	in	North	Maluku	Province,	Indonesia.	Its	
island	is	formed	by	Gamalama	volcano	activities	and	lied	above	a	low	angle	subduction	
zone	 of	 Sangir	 and	Halmahera	 arc	 (Hamilton,	 USGS	 Prof.	 Paper.,	 1979)	 (see	 Figure1).	
The	 activity	 of	 plate	 tectonic	 surrounding	 North	 Maluku	 islands,	 including	 Ternate,	
triggers	earthquake	occurrences	and	volcano	eruption	when	Gamalama	is	 in	the	active	
level	(Hendrayana,	et	al.	1996).	
Ternate	 inhabitants'	 activities	mostly	 rely	 on	 the	 natural	 resources	 nurtured	 by	
volcanic	 materials.	 The	 island	 was	 well	 known	 as	 the	 spices	 island	 during	 Dutch	
government	 colonialism	 in	 the	 1800s	 ‐	 1900s.	 The	 spices	 trail	 still	 can	 be	 found,	
particularly	 in	 the	 northeast	 to	 northwest	 of	 the	 island.	 Agriculture	 activities	 rely	
basically	 on	 the	 volcanic	 ecosystem	 of	 Gamalama.	 After	 the	 2011	 eruption	 and	 lahars	
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floods,	 sand	 and	 gravel	 mining	 occur	 in	 several	 river	 outlets.	 Due	 to	 its	 historical	
background	as	center	of	spices	trade,	Ternate	Island	contributes	to	the	development	of	
North	Mollucas	island	in	term	of	distribution	of	goods	and	services	to	Sofifi,	the	capital	
city.		
	
	
Figure	1.	Ternate	Island	(see	red	square)	and	its	surrounding	tectonic	plate		
	
Gamalama	volcano	is	one	of	five	volcanoes	in	North	Maluku	Province,	which	is	still	
in	active	phase.	The	 last	eruption	was	 in	2015	and	shut	down	local	airport	 for	several	
days	due	 to	 its	volcanic	ashes.	Transportation	accessibility	 in	Ternate	rely	not	only	on	
air	 transportation,	 it	 also	 make	 use	 sea	 transportation	 as	 secondary	 option	 (Ternate	
Spatial	Plan,	2012‐2032).	There	are	at	least	three	main	ports	in	Ternate	which	support	
the	inhabitants'	and	visitors	mobile	accessibility	when	the	air	transportation	close	due	
to	Gamalama	eruption.	
Ternate	 Island	 is	 basically	 the	 volcano	 itself.	 Gamalama	 eruption	 in	 1980s	 once	
forced	inhabitants	in	the	north	part	area	to	evacuate	to	closest	island	namely	Tidore	and	
Hiri	Island.	Since	then,	there	was	no	adequate	record	of	eruption	that	imposed	people	to	
leave	their	village	and	the	main	island.		
This	study	aims	to	analyze	vulnerability	of	 the	 island	towards	volcanic	eruption.	
The	method	 proposed	 highlights	 Indonesian	 National	 Disaster	Management	 Board	 on	
vulnerability	 assessment	 Perka	 BNPB	 no.	 2/2012,	 which	 applied	 analytic	 hierarchy	
process	 (AHP).	 In	 more	 details,	 this	 study	 targeted	 ecosystem	 based	 disaster	 risk	
reduction	application	to	minimize	vulnerability	in	the	area.		
	
 39 
 
2. Hazard	and	vulnerability	of	Ternate	Island		
2.1. Volcanic	Hazard	of	Gamalama	
	
Ternate	 island	 is	 one	 of	 insular	 isles	 in	 North	Maluku	 Province	which	 prone	 to	
volcanic	 eruption	 and	 lahars,	 earthquake,	 and	 coastal	 hazard.	 The	 island	 has	 two	
different	 characteristics,	 due	 to	 physical	 features	 and	 social	 economic	 characteristics,	
namely	 northeast	 to	 northwest	 part	 of	 the	 island	 that	 shows	 rural	 activities,	 and	 the	
southeast	 that	more	 urbanized	 area.	 Based	 on	 the	 hazard	 zone	map	published	 by	 the	
volcanology	 agency	 (Baharudin,	 1996),	 the	 rural	 area	 is	 prone	 to	 volcanic	 eruption	
rather	 than	 the	 urban	 area.	 Hazard	 zone	 map	 of	 Ternate	 Island	 due	 to	 Gamalama	
eruption	 is	 published	 by	 Indonesian	 Center	 for	 Volcanology	 and	 Geological	 Hazard	
Mitigation	 (CVGHM)	 can	 be	 seen	 in	 Figure	 2.	 Based	 on	 Disaster	 Management	 Board	
regulation	Perka	BNPB	no.	2/2012,	Ternate	Island	3rd	hazard	zone	is	scored	1;	2nd	hazard	
zone	score	0.66;	and	1st	hazard	zone	score	0.33.		The	value	of	each	score	is	based	on	its	
potential	damage.		
Landscape	of	the	northwest	part	of	Ternate	Island	is	steeper	than	the	northwest	to	
southeast	part	where	central	business	activities	take	place	and	grow	in	the	lower	area.	
The	 volcanic	 risk	 becomes	 the	 first	 concern	 in	 the	 research	 because	 in	 2012,	 CVGHM	
stated	 that	 all	 of	 volcanoes	 in	 North	Maluku,	 except	 Kie	 Besi	 Volcano,	were	 on	 active	
level.	One	of	the	active	volcanoes	was	Gamalama	Volcano	(1,715	m,	 located	in	Ternate	
Island,	 the	 most	 densely	 populated	 district	 in	 North	 Maluku	 –	 more	 than	 200,000	
inhabitants	 in	 111,39	 km2).	 They	 are	 relations	 between	 volcanic	 phenomenon	 and	
elements	at	risk	(Bignami,	et	al.,	2012).		
	
	
Figure	2	Ternate	island	hazard	zone	(see	the	different	color	of	each	zone)		
	
	
2.2. Vulnerability	of	Ternate	island	
	
The	 volcanic	 hazards	 are	 the	 cause	 of	 major	 negative	 impacts	 on	 the	 ecology,	
natural	 resources	 degradation,	 infrastructure	 damage,	 and	 they	 also	 impacted	
agricultural	activities	(Hadmoko	et	al,	2010). The	rural	people	of	Ternate	island	through	
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generations	has	developed	on	local	knowledge	to	"read	the	sign"	of	Gamalama	activities	
with	volcanic	ash	as	the	main	hazard.	However,	 in	2011	eruption,	local	people	and	the	
government	 experienced	 the	 lahars	 flood	 as	 secondary	 hazard	 and	 become	 disaster	
when	victims	recorded	that	time.			
This	 study	 apply	 vulnerability	 parameters	 based	 on	 Head	 of	 BNPB	 regulation	
number	2	 issued	in	2012	about	risk	assessment	with	some	adjustment	due	to	Ternate	
island	characteristic.	There	are	economic,	social,	physic,	and	environment	vulnerability	
which	then	weighted	to	get	vulnerability	index	in	total	(see	Figure	3).	Each	component	
consists	 of	 several	 indicators,	 for	 example	 social	 vulnerability	 consist	 of	 population	
density	and	social	awareness.	Some	indicators	need	to	be	adjusted	to	data	availability.	
The	 calculation	 is	 based	 on	 scoring	 and	 weighting	 factors	 for	 each	 vulnerability	
indicators.	
 
Figure	3	Total	vulnerability	components	(Perka	BNPB	no.	2/2012)	
 
 
2.2.1.	 Economic	vulnerability	
	
This	 study	 adjusted	 the	 economic	 vulnerability	 assessment	 using	 three	
parameters,	namely	width	of	productive	land	(cultivation),	gross	product	value,	and	the	
lost	 of	 livestock.	 Livestock	 is	 considered	 important	 to	 be	 valued	 due	 to	 number	 of	
farmers	 potentially	 suffered	 from	 the	 lost	 of	 cattle	 and	 poultry.	 These	 rural	 activities	
mostly	 occur	 in	 the	northern	part	 of	 the	 island,	whilst	 in	 the	 southern	part,	 economic	
activities	mostly	 dominated	 by	 trade	 and	 services	 as	 urban	 area.	As	 consequence,	 the	
scoring	and	weighting	calculation	result	 shows	 that	 the	rural	area,	Pulau	Ternate	sub‐
district	 economic	 vulnerability	 is	 the	 lowest.	 Ternate	 Utara	 sub‐district,	 where	 the	
airport	 located	 at,	 is	 high	 vulnerable	 economically.	 Figure	 4	 shows	 economic	
vulnerability	of	Ternate	Island.	
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Figure	4.	Economic	vulnerability	of	Ternate	island		
	
	
	
2.2.2.		 Social	Vulnerability	
 
Social	 vulnerability	 components	 in	 this	 study	 basically	 is	 demographic	 factors,	
there	 are	 population	 density,	 sex	 ratio,	 and	 age	 ratio.	 No	 recoded	 data	 available	 for	
poverty	and	disabled	people	from	Ternate	statistic	data	(Ternate	in	figure	2014).	Center	
business	 of	 Ternate	 Island,	 located	 in	 Ternate	 Tengah	 sub‐district,	 is	 in	 high	 social	
vulnerability.	
	
2.2.3.	 Physical	vulnerability	
 
There	 are	 four	 parameters	 applied	 to	 assess	 the	 physical	 vulnerability	 in	 this	
study,	 namely	 building	 density,	 public	 and	 vital	 utilities,	 and	 industry	 facilities.	When	
eruption	 occur,	 it	 is	 possible	 some	 facilities	 and	 infrastructure	 collapse	 or	 disrupted.	
Most	 of	 facilities	 and	 infrastructure	 are	 located	 in	 the	 most	 dense	 population	 and	
economic	 activities,	 namely	Ternate	Tengah	 sub‐district.	Hence,	 this	 area	 is	physically	
high	vulnerable.	Lowest	physical	vulnerability	 is	 located	 in	Pulau	Ternate	 sub‐district,	
the	rural	area	of	the	island.	
	
2.2.4.	 Environmental	vulnerability	
	
Main	 parameters	 of	 environmental	 vulnerability	 in	 this	 study	 are	 conservation	
and	 buffer	 zone.	 The	 forest	 in	 the	 Gamalama	 summit	 is	 most	 prone	 to	 eruption.	
Surrounding	 the	 forest,	 some	 spices	 plants	 such	 as	 cloves,	 nutmeg,	 and	 pepper	
cultivated	there.	These	spices	plants	are	at	risk	and	possibly	disrupted	the	inhabitants’	
livelihood.	Ternate	Selatan	sub‐district	 is	at	high	environmental	vulnerability	based	on	
the	conservation	area,	namely	mangrove	and	shrubs.	Pulau	Ternate	sub‐district	as	rural	
area	is	at	medium	environmental	vulnerability.	Ternate	Tengah	and	Ternate	Utara	sub‐
district,	which	are	urban	area,	are	classified	at	low	environmental	vulnerability.	Figure	5	
shows	Ternate	island	environmental	vulnerability.	
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Figure	5.	Environmental	Vulnerability	of	Ternate	island	
	
2.2.4.	 Total	index	of	vulnerability	
	
	 Total	index	vulnerability	is	the	result	of	each	vulnerability	score	and	weighting.	
weighting	 factor	 for	 social	 vulnerability	 is	 the	 highest	 (40%)	 amongst	 economy	 and	
physical	 vulnerability	 (each	 25%),	 and	 10%	 for	 environmental	 vulnerability.	 The	
environmental	vulnerability‐weighting	 factor	 is	 small	percentage	 in	consideration	 that	
no	 social	 community	 activities	 disrupted	 directly	 from	 the	 environment.	 This	 study	
argues	the	environmental	vulnerability	consideration	(10%	weighting	factor).	However,	
based	 on	 the	 BNPB	 regulation,	 total	 index	 vulnerability	 of	 Ternate	 island	 shows	 that	
Ternate	 Selatan	and	Ternate	Tengah	 sub‐district,	 located	 in	 the	urban	area	 (southeast	
part	 of	 the	 island),	 are	most	 vulnerable	 compare	 to	other	 sub‐districts	 (see	Figure	6).	
Managing	the	vulnerability	of	Ternate	island	need	specific	intention	and	integration	due	
to	 its	 volcanic	 characteristic.	 Vulnerability	 integration	 into	 spatial	 plan	 has	 been	
initiated	in	Indonesia	(Hizbaron,	et.al.,	2012).		
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Figure	6.	Environmental	Vulnerability	of	Ternate	island	
	
3. Ecosystem	based	disaster	risk	management	
This	 study	 proposes	 to	 consider	 ecosystems	 approach	 for	 disaster	 risk	
management	(Renaud,	et.al	2013)	in	the	volcanic	ecosystem	Ternate	Island.	The	island	is	
the	 volcano	 body	 itself;	 therefore	 the	 ecosystem	 services	 (MEA,	 2005)	 need	 to	 be	
considered	as	the	weighting	factor	in	calculating	the	island	vulnerability.	Unfortunately,	
the	 ecosystem	 services	 have	 not	 yet	 calculated	 thoroughly.	 The	 Ternate	 Island	 itself	
indicated	 intensive	 interaction	 between	 the	 people	 and	 their	 environment.	 People	
receive	 benefit	 from	 the	 nature,	 in	 this	 study,	 Gamalama	 provide	 materials	 for	
agriculture	and	determine	people	behavior	on	managing	the	resources.		
Vulnerability	maps	assessed	using	BNPB	regulation	show	that	the	urbanize	area,	
where	 human	 often	 modify	 the	 ecosystem,	 have	 high	 vulnerability	 index.	 Modified	
ecosystem	 in	 the	urban	 area	 for	 certain	provisioning	 services,	 lead	 to	 the	declining	of	
other	 services.	 Unregulated	 settlement	 along	 the	 river	 has	 caused	 victims	 and	 losses	
during	2011	lahars	floods.	On	the	other	hand,	the	rural	area	in	the	northern	part	of	the	
island	shows	low	index	vulnerability.	However,	need	to	keep	in	mind	that	spices	plants	
on	 the	 surrounding	 conservation	 (forest)	 area	 determine	 the	 livelihood	 of	 the	 rural	
people.	Such	damage	due	to	volcanic	eruption	will	lead	to	decreasing	economic	services	
of	rural	people.	They	are	more	affected	by	the	loss	of	ecosystem	services	because	their	
live	depend	mostly	to	agriculture.	
Regulating	services	are	critical	for	ensuring	the	reliable	supply	of	other	ecosystem	
services,	as	well	as	helping	reduce	people’s	exposure	to	volcanic	hazards.	The	northern	
part	of	Ternate	island	play	as	the	regulating	service	area	for	southern	part.	The	declining	
of	 regulating	 ecosystem	 services	 in	 one	 side	will	 lead	 to	 disruption	 of	 other	 services.	
Exposure	to	volcanic	hazard	will	increase	when	northern	part	of	the	island,	which	is	the	
most	 affected	 area	 of	 Gamalama	 eruption	 (3rd	 hazard	 zone),	 modified	 for	 certain	
services.		
Ecosystem	services	shape	both	the	exposure	of	people	to	hazards	and	the	ability	of	
people	to	cope	with	hazards.	The	rural	ecosystem	in	northern	part	of	the	island	shows	
resilience	pattern,	but	should	not	only	relying	to	 the	natural	ecosystem.	Policy	makers	
need	to	comprehensively	include	ecosystem	services	trade‐off	between	rural	ecosystem	
and	urban	ecosystem	on	Ternate	Island.	Short‐term	demand	on	urbanize	area	of	Ternate	
 44 
 
Island	will	give	longer	term	impact,	demands	on	different	scale	provision	of	ecosystem	
services.	 Hazard	 regulating	 services	 and	 vulnerability	 indicators	 depicted	 from	
ecosystem	services	 of	 specific	 characteristics,	 namely	 small	 island	with	 active	 volcano	
like	Ternate,	need	 to	 be	 considered	 into	 the	 risk	 assessment	 regulation	by	 authorized	
government	 institution.	Ternate	Island	disaster	risk	management	need	to	integrate	the	
ecosystem	 services	 with	 the	 regulating	 services,	 in	 this	 study	 volcanic	 hazard	 of	
Gamalama	and	its	natural	resources.	
	
4. Conclusion	
The	 vulnerability	 assessment	 which	 is	 part	 of	 risk	 assessment	 based	 on	
Indonesian	Disaster	National	Management	Board	namely	Perka	BNPB	2/2012	 consider	
the	 environment	 parameter	 has	 indirect	 impact	 to	 social	 life	 of	 people.	 The	 study	
indicated	that	vulnerability	assessment	reveals	which	area	needs	to	be	prioritize	within	
disaster	risk	management.	Instead	of	relying	upon	formal	action	from	the	government,	
the	 idea	of	 the	 research	 is	 to	 introduce	a	 slightly	different	 idea	 to	 implement	disaster	
risk	 reduction.	 There	 are	 so	 many	 methods	 and	 approach	 to	 conduct	 disaster	
management,	 i.e.	 Participatory	 based	 DRR,	 Top	 down	 based	 DRR,	 and	 the	 most	
challenging	 is	 Ecosystem	 based	 DRR.	 The	 ecosystem	 plays	 important	 role	 from	 the	
global	to	local	services	provision.	Environment	services	correlate	to	social	economy	life	
of	the	people.	It	then	creates	social	engineering,	which	being	effectively	implemented	on	
the	 daily	 basis.	 In	 addition,	 such	 specific	 characteristics	 of	 environment,	 volcanic	
environment	 of	 Ternate	 Island	 in	 this	 study,	 determine	 the	 inhabitant	 livelihood	 and	
other	 social	 activities	 supporting	 them.	 The	 vulnerability	 assessment,	 then	 need	 to	
consider	the	environment	services.	
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